Introduction {#sec1}
============

Cutaneous melanoma (CM) is a highly aggressive skin cancer. It is the fifth most common malignant tumor in men and the seventh most common malignant tumor in women.[@bib1] In the previous decade, significant advances have been made in the treatment of CM, particularly advanced CM. A combination of B-Raf proto-oncogene, serine/threonine kinase (BRAF) and mitogen-activated kinase-like protein (MAPK) pathway inhibitors markedly enhances both the response and overall survival of advanced CM patients.[@bib2] Similar results have been found in advanced CM patients treated with a combination of cytotoxic T lymphocyte-associated protein 4 (CTLA-4) and programmed cell death protein 1 (PD-1) blocker.[@bib3] However, the prognosis of advanced CM is still poor, with a median survival time of only 6--9 months and an underwhelming 3-year survival rate of 10%.[@bib4], [@bib5], [@bib6], [@bib7] Thus, novel therapeutic strategies for inhibiting the progression of CM are urgently needed.

MicroRNAs (miRNAs) are small non-coding RNAs that have been found to be closely related to cancer progression through different mechanisms.[@bib8], [@bib9], [@bib10], [@bib11], [@bib12] Although the aberrant expression of miRNAs has been identified in CM,[@bib13]^,^[@bib14] diverse miRNAs have shown distinct heterogeneity in modulating both the progression of CM and the effectiveness of CM therapies.[@bib15] Thus, detailed analysis of miRNAs and their underlying mechanism in terms of tumor growth and metastasis in CM would afford new insights into the design of effective therapeutic strategies. Recently, pre-miRNA-140 has drawn special interest because its 3p strand had been misclassified as a passenger strand in earlier miRNA studies, causing misdetection of miR-140-3p in both humans and rodents.[@bib16] Recent studies have recognized that miR-140-3p suppresses cell proliferation and metastasis in hepatocellular carcinoma through inactivation of the MAPK pathway.[@bib17] Furthermore, miR-140-3p exerts a strong inhibitory effect on triple-negative breast cancer by suppressing protein kinase AMP-activated catalytic subunit alpha 1 (AMPK) pathways.[@bib18] These data revealed miRNA-140-3p to be an anti-oncomiR in a range of malignant tumors. However, the role of miR-140-3p in CM and the underlying molecular mechanism remain unknown.

We recently identified abhydrolase domain containing 2 (ABHD2), also known as α/β-hydrolase domain-containing protein 2, as a potential target of miR-140-3p. Although ABHD2 is mostly known as a key manipulator of macrophage infiltration into lung tissue and atherosclerotic lesions,[@bib19]^,^[@bib20] a recent study suggested that overexpression of ABHD2 markedly promoted cell growth and resistance to chemotherapy in prostate cancer.[@bib21] Thus, we hypothesized that miR-140-3p would inhibit CM progression by targeting ABHD2. In the present study, we found that miR-140-3p was downregulated in both CM tissues and cell lines. In addition, we determined that ABHD2 was a direct target of miR-140-3p in CM. Furthermore, both *in vitro* and *in vivo* investigations demonstrated that miR-140-3p inhibited cell proliferation, migration, and invasion in CM cells by regulating AKT/p70S6K and JNK pathways. Therefore, our findings highlight a novel role for miR-140-3p as a tumor suppressor in CM through ABHD2.

Results {#sec2}
=======

miR-140-3p Is Downregulated in Both CM Tissues and Cell Lines {#sec2.1}
-------------------------------------------------------------

We first determined the expression levels of miR-140-3p in tissues from CM and adjacent normal skin, as well as from different CM cell lines and normal human melanocytes. As shown in [Figures 1](#fig1){ref-type="fig"}A and 1B, miR-140-3p was markedly downregulated in both CM tissues and melanoma cells compared with adjacent normal skin and normal human melanocytes (HPM), as quantified by qRT-PCR. Importantly, Kaplan-Meier survival curve analysis demonstrated that there was a significant association between a lower expression of miR-140-3p and worse CM patient survival ([Figure 1](#fig1){ref-type="fig"}C). We then performed multivariate Cox proportional hazards regression analysis to assess the association between overall survival and miR-140-3p in the presence of clinical covariates. The results showed that the expression level of miR-140-3p was an independent predictor of CM patient survival ([Figure 1](#fig1){ref-type="fig"}C; [Table S1](#mmc1){ref-type="supplementary-material"}).Figure 1Decreased Expression Levels of miR-140-3p in CM Tissues and Cell Lines(A) Expression levels of miR-140-3p in CM tissues and adjacent normal tissues. (B) Expression levels of miR-140-3p in CM cell lines and normal human skin cells (HPM). (C) Kaplan-Meier survival curve of miR-140-3p in CM. ∗p \< 0.05; ∗∗p \< 0.01.

miR-140-3p Exhibits Anticancer Efficacy in CM {#sec2.2}
---------------------------------------------

To determine the biological effects of miR-140-3p in CM, we first stably overexpressed miR-140-3p in selected CM cell lines (including A375, M14, and M229) with different origins. As displayed in [Figures 2](#fig2){ref-type="fig"}A--2C, overexpression of miR-140-3p dramatically inhibited cell proliferation, increased cell apoptosis, and induced cell-cycle arrest in A375, M14, and M229 cell lines. Consistently, overexpression of miR-140-3p in A375, M14, and M229 cell lines successfully reduced their capacity for colony formation, cell invasion, and spheroid formation ([Figures 2](#fig2){ref-type="fig"}D--2H). These results suggest that downregulated miR-140-3p in CM contributes to CM cell aggressiveness.Figure 2miR-140-3p Inhibits Cell Proliferation, Invasion, and Clonogenic Ability, and Induces Cell-Cycle Arrest and Apoptosis in CM Cells(A) Cell viability in A375, M14, and M229 cells determined by CCK-8 assay. (B) Cell cycle and (C) apoptosis in each group determined by flow cytometry. (D) Clonogenic ability in A375, M14, and M229 cells determined by clonogenic assay. (E) Migration ability in A375, M14, and M229 cells determined by wound healing. (F) Cell invasion determined by Transwell assay. (G) Tumorsphere formation ability in A375, M14, and M229 cells determined by tumorsphere formation assay (×40).(H) The number of spheres in tumorsphere formation assay. \*p \< 0.05, \*\*p \< 0.01.

miR-140-3p Directly Targets *ABHD2* in CM {#sec2.3}
-----------------------------------------

To explore the possible molecular mechanism underlying the tumor suppressor properties of miR-140-3p, we next examined the potential targets of miR-140-3p in A375, M14, and M229 cell lines. Two regions in the 3′ untranslated region (UTR) of *ABHD2* were found via bioinformatics analysis to contain the miR-140-3p seed sequence ([Figure 3](#fig3){ref-type="fig"}A). To determine whether miR-140-3p directly targets *ABHD2* in CM cells, we performed luciferase reporter assays. As indicated in [Figure 3](#fig3){ref-type="fig"}B, luciferase activity was clearly inhibited in A375, M14, and M229 cell lines co-transfected with miR-140-3p and the pGL3-3′ UTR of *ABHD2*, but not in cell lines co-transfected with miR-140-3p and pGL3-3′ UTR-mut (mutant). In addition, using western blot analyses, significantly downregulated ABHD2 protein levels were confirmed in cells co-transfected with miR-140-3p and the pGL3-3′ UTR of *ABHD2* ([Figure 3](#fig3){ref-type="fig"}C). Similarly, lower ABHD2 expression was exhibited on immunofluorescence assay in cells co-transfected with miR-140-3p and the pGL3-3′ UTR of *ABHD2* ([Figure 3](#fig3){ref-type="fig"}D).Figure 3miR-140-3p Directly Targets *ABHD2* in CM Cells(A) *ABHD2* was predicted as a potential target gene of miR-140-3p. The seed sequences of miR-140-3p along with the wild-type and mutant 3′ UTR of ABHD2 are indicated. (B) Luciferase activities of reporter vectors in A375, M14, and M229 cells. (C) Protein expression levels of ABHD2 in A375, M14, and M229 cells treated with adenovirus (Ad)-control or Ad-miR-140-3p. (D) Immunofluorescence assay used to detect ABHD2 expression in A375, M14, and M229 cells treated with Ad-control or Ad-miR-140-3p (original magnification ×400). ∗p \< 0.05; ∗∗p \< 0.01.

ABHD2 Is Upregulated in Both CM Tissues and Cell Lines {#sec2.4}
------------------------------------------------------

We next determined the expression levels of ABHD2 in CM tissues and cell lines. First, ONCOMINE analysis (<https://www.oncomine.org>) was performed, which determined increased ABHD2 expression levels in CM tissues compared with benign melanocytic skin nevus and normal skin tissues by use of all four probes ([Figure 4](#fig4){ref-type="fig"}A). In addition, qRT-PCR was used to evaluate ABHD2 mRNA levels in both the CM and adjacent normal skin tissues, as well as in CM cells and normal human skin cells. The data indicated a substantial increase in ABHD2 levels in the CM tissues and cell lines compared with normal skin tissues and normal human melanocytes ([Figures 4](#fig4){ref-type="fig"}B and 4C). Consistently, immunohistochemistry confirmed higher expression levels of ABHD2 in CM melanoma tissues ([Figure 4](#fig4){ref-type="fig"}D). Furthermore, Pearson correlation analysis was performed to evaluate the association between miR-140-3p and ABHD2 levels in CM. As shown in [Figure 4](#fig4){ref-type="fig"}E, there was a negative association between the miR-140-3p and ABHD2 levels in CM tissues.Figure 4Expression Levels of ABHD2 Are Upregulated in CM Tissues and Cell Lines(A) Expression levels of ABHD2 in normal skin, benign melanocytic skin nevus, and CM tissue analyzed by the ONCOMINE database. (B) Expression levels of ABHD2 in melanoma tissues and adjacent normal skin tissues analyzed by qRT-PCR. (C) Expression levels of ABHD2 in melanoma cell lines and normal human skin cells (HPM) analyzed by qRT-PCR. (D) Expression levels of ABHD2 in CM tissues and adjacent normal skin tissues evaluated by immunohistochemistry (original magnification ×100). (E) Association between ABHD2 and miR-140-3p levels. ∗p \< 0.05.

ABHD2 Reverses the Antineoplastic Effect of miR-140-3p in CM {#sec2.5}
------------------------------------------------------------

To investigate the contribution of ABHD2 to miR-140-3p-induced tumor suppression in CM, we performed rescue experiments in miR-140-3p-upregulated CM cell lines. We first increased ABHD2 expression levels in miR-140-3p-upregulated cells through infection with ABHD2 overexpression adenovirus. As shown in [Figures 5](#fig5){ref-type="fig"}A and 5D--5I, compared with miR-140-3p-overexpressing cells, co-transfection with miR-140-3p and ABHD2 adenovirus dramatically promoted cell proliferation, cell invasion, colony formation, and sphere formation; consistent with these results, decreased cell apoptosis and an activated cell cycle were also evident in CM cells co-transfected with miR-140-3p and ABHD2 adenovirus ([Figures 5](#fig5){ref-type="fig"}B and 5C). Moreover, we treated CM cells with short hairpin (sh)-ABHD2; as shown in [Figure S1](#mmc1){ref-type="supplementary-material"}, sh-ABHD2 treatment significantly increased cell apoptosis as well as inhibited cell proliferation, colony formation, cell invasion, and spheroid formation. Thus, these findings indicate that miR-140-3p suppresses CM cells via ABHD2 modulation.Figure 5ABHD2 Overexpression Reverses the Antineoplastic Effect of miR-140-3p in CM Cells(A) Cell viabilities of A375, M14, and M229 cell lines determined by CCK-8 assay. (B) Cell apoptosis and (C) cell cycle in each group determined by flow cytometry. (D) Clonogenic ability of A375, M14, and M229 cells determined by clonogenic assay. (E) Migration abilities of A375, M14, and M229 cells determined by wound-healing assay. (F) Cell invasion of A375, M14, and M229 cells determined by Transwell assay. Tumorsphere formation ability in (G) A375, (H) M14, and (I) M229 cells determined by tumorsphere formation assay (×40)..

miR-140-3p Activates JNK Signaling and Inhibits the AKT/p70S6K Pathway in CM {#sec2.6}
----------------------------------------------------------------------------

To further investigate the molecular mechanisms underlying the effects of miR-140-3p on melanoma cells, we used A375 cells to determine the expression levels of key signaling factors involved in the proliferation, invasion, apoptosis, and epithelial-mesenchymal transition (EMT) of cancer cells, including melanoma. As shown in [Figures 6](#fig6){ref-type="fig"}A and 6B, miR-140-3p overexpression greatly increased the levels of phosphorylated (p)-JNK in A375 cells but decreased the levels of p-AKT and p-P70S6K. However, ABHD2 overexpression markedly alleviated the levels of p-JNK and elevated the levels of p-AKT and p-p70S6K in miR-140-3p-upregulated cells. Additionally, the expression levels of pro-apoptotic members, including Bax, cytochrome *c*, and active caspase-3, were elevated in miR-140-3p-upregulated cells but inhibited in miR-140-3p and ABHD2-co-upregulated cells ([Figures 6](#fig6){ref-type="fig"}A and 6B). Furthermore, miR-140-3p overexpression clearly lowered the expression levels of matrix metalloproteinase-9 (MMP-9) and vimentin in A375 cells, and promoted the expression of E-cadherin ([Figures 6](#fig6){ref-type="fig"}A--6C). Nonetheless, ABHD2 overexpression reliably increased the expression levels of MMP-9 and vimentin in miR-140-3p-upregulated cells and reduced the expression levels of E-cadherin ([Figures 6](#fig6){ref-type="fig"}A--6C). These data indicate that miR-140-3p inhibits the AKT/p70S6K pathway and activates JNK signaling by opposing ABHD2 expression in CM cells.Figure 6miR-140-3p Activates JNK Signaling and Inhibits the AKT/p70S6K Pathway in CM Cells(A) Expression levels of AKT, p-AKT, p70S6k, p-p70S6k, JNK, p-JNK, and apoptotic and EMT-related proteins in A375 cells with different treatments (as indicated) determined by western blot analysis. (B) Relative expression of AKT, p-AKT, p70S6k, p-p70S6k, JNK, p-JNK, cleaved-caspased3, vimentin, and E-cadherin in A375 cells with different treatments. (C) Expression of vimentin and E-cadherin in A375 cells determined by immunofluorescence assay (×400). \*p \< 0.05 vs. miR-NC; \#p \< 0.05 vs. miR-140-3p+ctrl.

miR-140-3p Inhibits CM Growth and Metastasis *In Vivo* {#sec2.7}
------------------------------------------------------

Finally, we examined the effects of miR-140-3p on CM progression *in vivo*. For this, xenografted mouse models were developed through subcutaneous injection of miR-140-3p-overexpressing A375, M14, and M229 cells. As evident from the tumor growth curve, the miR-140-3p-overexpressing cells had substantially lower tumor growth and reduced tumor weight ([Figures 7](#fig7){ref-type="fig"}A--7C). In addition, we determined the amount of liver metastasis in mice injected with these CM cells. As shown in [Figure 7](#fig7){ref-type="fig"}D, in mice with liver metastasis, miR-140-3p overexpression markedly reduced the number of liver metastases. However, we found that the amount of metastases in the lung was not significantly altered in the miR-140-3p-overexpression group (data not shown). Moreover, we performed an immunohistochemistry assay to determine the expression levels of ABHD2 in the tumor tissues of these mice. Similarly, we found that ABHD2 expression levels were significantly downregulated in the miR-140-3p-treated groups ([Figure 7](#fig7){ref-type="fig"}E). Furthermore, we sought to confirm our *in vitro* findings that upregulated miR-140-3p blockaded the AKT/p70S6K pathway and activated JNK signaling. Consistently, miR-140-3p treatment inhibited the phosphorylation of AKT and p70S6K, but enhanced the phosphorylation of JNK ([Figure 7](#fig7){ref-type="fig"}F). Meanwhile, miR-140-3p treatment increased the E-cadherin expression but decreased the expression levels of MMP-9 and vimentin ([Figure 7](#fig7){ref-type="fig"}F), indicating a suppressive effect of miR-140-3p on EMT *in vivo*. Thus, these data strongly suggest that miR-140-3p significantly reduces the invasive properties of CM *in vivo*. [Figure 7](#fig7){ref-type="fig"}G illustrates the mechanisms underlying the association between miR-140-3p and CM progression in the present study.Figure 7miR-140-3p Inhibits CM Xenograft Tumor Growth and Metastasis *In Vivo*A xenograft tumor model was established by subcutaneous injection of A375, M14, and M229 cells stably overexpressing miR-140-3p or control into the dorsal flank area of nude mice. Tumor sizes, volumes, and weights of (A) A375 xenograft tumor mice, (B) M14 xenograft tumor mice, and (C) M229 xenograft tumor mice. (D) Number of liver metastasis in CM mice. (E) Expression levels of ABHD2 in the tumor tissue of CM mice determined by immunohistochemistry (×100). (F) Expression levels of AKT, p-AKT, p70S6k, p-p70S6k, JNK, p-JNK, and EMT-related proteins in CM mice determined by western blot analysis. (G) Schematic representation of the mechanisms underlying the effects of miR-140-3p on CM progression in the present study. \*p \< 0.05.

Discussion {#sec3}
==========

As a highly aggressive skin cancer, nearly 20% of CMs develop into a fatal disease that is beyond surgical clearance.[@bib22] Although biological breakthroughs and improved access to innovative therapies have substantially decreased the rate of CM deaths in the past decade,[@bib23]^,^[@bib24] CM is now estimated to account for about 50,000 deaths annually worldwide.[@bib25] Therefore, new strategies for inhibiting the progression of CM need to be developed. Because miR-140-3p has been identified as a tumor suppressor in a range of malignant tumors, but not in melanoma,[@bib26] we attempted to identify a possible association between miR-140-3p and CM that could be exploited for CM treatment. We first demonstrated that miR-140-3p is downregulated in CM tissues and cell lines, and that this downregulation is positively associated with CM survival. Furthermore, an anticancer role for miR-140-3p was confirmed in both *in vitro* and *in vivo* CM models. Through sequence analysis, we identified *ABHD2* as a predicted target gene of miR-140-3p, which was verified by results showing that ABHD2 overexpression diminished the anticancer effects of miR-140-3p. Importantly, we demonstrated that the tumor-suppressive effects of miR-130-3p in melanoma were rooted in regulation of the AKT/p70S6K and JNK signaling pathways.

Although miR-130-3p, a 3p strand of pre-miRNA-140, was previously not examined because of its misclassification as a passenger strand in earlier miRNA studies, it has recently received attention because its expression is 50-fold higher than that of miR-130-5p in both humans and rodents.[@bib16] miR-140-3p has a significant impact in several diseases, including osteoarthritis,[@bib27] cardiovascular disease,[@bib28] and autism spectrum disorder.[@bib29] Additionally, studies also linked the expression levels of miR-140-3p to lung and breast cancer invasion,[@bib30]^,^[@bib31] although no results were obtained for CM. In the present study, we first confirmed clearly lower expression levels of miR-140-3p in both CM tissues and cell lines. Importantly, Kaplan-Meier survival curve analysis demonstrated an association between strong expression of miR-140-3p and favorable CM patient survival, indicating a possible causal relationship. Moreover, in both *in vitro* and *in vivo* studies, miR-140-3p displayed antitumorigenic effects in three selected CM cell lines with different origins, covering primary CM,[@bib32] metastatic CM,[@bib33] and *BRAF*^*V600E*^ mutant CM.[@bib34] To our knowledge, this is the first report detailing the associations between miR-140-3p and CMs with different behaviors. Importantly, our data reveal miR-140-3p as a novel candidate drug target in CM management.

In the present study, we confirmed that *ABHD2* is a direct target of miR-140-3p in CM cells. Upregulated miR-140-3p can significantly alleviate the expression levels of ABHD2 in CM cells with different cell line origins. Moreover, we demonstrated that ABHD2 overexpression robustly reverses the antineoplastic effects of miR-140-3p in CM cells. Although a recent report showed that ABHD2 expression could be modulated by miR-485 in embryonic carcinoma cells,[@bib35] our study validated *ABHD2* as a direct target of miR-140-3p by performing both luciferase activity reporter assays and western blot analysis. Recent results concerning the effects of ABHD2 on tumors have been controversial.[@bib21]^,^[@bib35]^,^[@bib36] As far as we know, we are the first to confirm higher expression levels of ABHD2 in CM tissues and cell lines; additionally, our *in vitro* findings indicated that upregulated ABHD2 promoted CM cell proliferation, migration, and invasion, and inhibited cell apoptosis, which suggest its involvement in the progression of CM.

To explore downstream signaling pathways implicated in the antitumor response of miR-140-3p, we examined key signaling factors involved in cell proliferation, apoptosis, invasion, and EMT, which are considered to drive the progression of CM. Previous reports have established that miR-140-3p modulates protein expression and cell proliferation in many cases, if not all, by activating JNK and AKT signaling.[@bib37]^,^[@bib38] Consistent with these reports, upregulated miR-140-3p increased p-JNK expression and concomitantly downregulated p-AKT/p-p70S6K in both *in vitro* and *in vivo* CM models. The JNK and phosphatidylinositol 3-kinase (PI3K)/Akt/mammalian target of rapamycin (mTOR) signaling pathway serves a major regulatory function in cell proliferation, migration, and apoptosis, and its aberrant activation has been observed in several cancers, including melanoma.[@bib39]^,^[@bib40] Nonetheless, we have merely determined that miR-140-3p and ABHD2 were both involved in regulating Akt/p70S6K and JNK. Moreover, we found that other molecules with antitumor properties in CM cells with different cell line origins were clearly attenuated by miR-140-3p overexpression, including mesenchymal and apoptotic proteins. Although a study has summarized the PI3K/AKT/mTOR pathway involved in the EMT process in melanoma that leads to cell invasion and metastasis,[@bib41] the possible molecular mechanism underlying the effects of JNK in the EMT process in CM remains poorly understood. As a direct target of miR-140-3p, we determined that ABHD2 regulated the inositol triphosphate (IP~3~)-mediated endoplasmic reticulum calcium release pathway, which is coupled to mitochondrial calcium uptake.[@bib42] Growing evidence indicates that the endoplasmic reticulum regulates apoptosis by transferring Ca^2+^ to mitochondria.[@bib43]^,^[@bib44] Thus, we suppose that the effect of ABHD2 on endoplasmic reticulum calcium is important for miR-140-3p-induced CM cell apoptosis. Our study showed that ABHD2 reversed the effect of miR-140-3p on the Akt/p70S6K and JNK pathways; however, whether this activity is induced by ABHD2 directly targeting the phosphorylation sites of Akt/p70S6K and JNK or through other intermediate proteins in the process warrants further investigation.

In conclusion, our findings demonstrate that miR-140-3p inhibits melanoma progression by regulating the AKT/p70S6K and JNK pathways through ABHD2, thus providing a novel potential target for reducing CM progression.

Materials and Methods {#sec4}
=====================

Clinical Samples {#sec4.1}
----------------

Twenty-five pairs of melanoma tissues and adjacent normal tissues were obtained from CM patients in the Affiliated Hospital of Southwest Medical University. Each sample was snap frozen using liquid nitrogen and stored at −80°C until being processed. Survival data on 104 patients were derived from the Affiliated Hospital of Southwest Medical University, in which incident CM cases were collected during follow-up over 30 years. These CM patients were between 31 and 74 years of age (mean, 49.4 ± 17.3 years) at diagnosis, 55.4% were men, and 29.7% had stage I/II disease; the median follow-up was 229.1 months. The median expression cutoff between high and low miR-140-3p expression was determined to be 0.37. All participants provided written informed consent under a protocol approved by the Institutional Review Board of the Affiliated Hospital of Southwest Medical University. All procedures were performed in accordance with the Declaration of Helsinki of the World Medical Association.

Cell Culture {#sec4.2}
------------

Melanoma cancer cell lines (M14, MALME-3M, M229, WM226, A375, SKMEL5, and LOX IMVI) and HPM cells were obtained from the ATCC (Manassas, VA, USA). These cells were cultured in RPMI 1640 medium (GIBCO, CA, USA) or Dulbecco's modified Eagle's medium (DMEM) (GIBCO) supplemented with 10% fetal bovine serum (FBS; GIBCO), 100 U/mL penicillin, and 100 μg/mL streptomycin (Invitrogen, CA, USA) under humidified conditions with 5% CO~2~ at 37°C.

Oligonucleotide Transfection {#sec4.3}
----------------------------

miR-140-3p and si-ABHD2 overexpression adenoviruses, together with their scrambled control adenovirus, were purchased from GeneChem (miR-140-3p, forward: 5′-GGGCTACCACAGGGTAGAA-3′, reverse: 5′-GTGCAGGGTCCGAGGT-3′; Shanghai, China). The miR-140-3p mimics and mimic controls were synthesized by GeneChem. miRNA oligonucleotides were transfected at a concentration of 60 nmol/L by use of Lipofectamine 3000 (Invitrogen) in accordance with the manufacturer's instructions. The adenovirus was introduced into the cell culture medium at a concentration of 1 × 10^10^ plaque-forming units (PFUs)/mL.

Water-Soluble Tetrazolium Salt Assay {#sec4.4}
------------------------------------

A water-soluble tetrazolium salt assay was performed to evaluate cell viability using Cell Counting Kit-8 (Beyotime, Shanghai, China) following the manufacturer's instructions. The cells were seeded in 96-well plates (Corning, Acton, MA, USA) (5 × 10^3^ cells/well). After the indicated treatments, cell viability was determined every day for 5 consecutive days. The absorbance was measured at 450 nm using a Microplate Reader (Bio-Rad, CA, USA). Each assay was repeated at least three times.

Clonogenic Assay {#sec4.5}
----------------

For clonogenic assays, the cells were treated as indicated and then seeded in 12-well plates (100/well). After a 2-week incubation, crystal violet (0.05%; Beyotime) was used to stain the colonies. Colonies ≥1 mm in size were counted.

Transwell Assay {#sec4.6}
---------------

Cell invasion ability was determined by the Transwell assay (Millipore, MA, USA). Cells were treated as indicated and then seeded on the upper insert, which was coated with 2% Matrigel (BD Biosciences, NY, USA) in 24-well plates. The upper insert was filled with serum-free medium, and the lower chamber was filled with 600 μL DMEM supplemented with 10% FBS. After a 24-h incubation, cells that invaded to the lower chambers were fixed with methanol and stained with crystal violet.

Tumorsphere Formation Assay {#sec4.7}
---------------------------

Cells were plated in ultra-low-attachment six-well plates at a density of 10,000 cells/mL in serum-free DMEM/RPMI 1640 medium. After a 1-week incubation in a humidified atmosphere of 5% CO~2~ at 37°C, each well was scored as "positive" or "negative" for sphere formation, determined by the presence of ≥1 sphere comprising ≥10 cells.

Wound Healing {#sec4.8}
-------------

The cells were treated as indicated and then seeded in six-well plates. Subsequent to culture in the serum-free medium for 24 h, the cell monolayer was wounded with a 10-μL pipette tip. The medium was replaced with fresh medium. The wound-closing procedure was observed for 36 hand photomicrographs that were obtained 0, 12, and 24 h after wounding to follow the wound closure.

Flow Cytometry {#sec4.9}
--------------

Cells were seeded in six-well plates (2 × 10^5^ cells/well) and treated as indicated. After 48 h, the cells were collected and analyzed using a fluorescein isothiocyanate (FITC)/Annexin V Apoptosis Detection Kit (BD, CA, USA) following the manufacturer's instructions. The samples were analyzed with a BD FACSVerse flow cytometer system.

Luciferase Reporter Assay {#sec4.10}
-------------------------

The wild-type or mutant seed sequence at the predicted 3′ UTR of *ABHD2* was synthesized and cloned into pGL3 Luciferase Reporter Vectors (Promega, CA, USA) at the KpnI and BamHI sites. Melanoma cells were co-transfected with miR-140 mimics or mimic control, together with pGL3 vectors, which contained the wild-type or mutant 3′ UTR region of *ABHD2*. TRL-SV40 plasmid (Promega) was also transfected as a normalizing control. The cells were harvested for the detection of luciferase activity using the Dual-Luciferase Assay (Promega, WI, USA) 48 h after the transfection.

Quantitative Real-Time PCR {#sec4.11}
--------------------------

mRNA and miRNA were extracted from A375, M14, and M229 cells with an miRNeasy Mini Kit (QIAGEN, Germany). The cDNA was attained by means of a reverse transcription assay with the use of reverse transcriptase, and Oligo (dT) was used as the primer. The qRT-PCR was performed with a SYBR-Green Supermix kit in a Bio-Rad IQ5 system. U6 small nuclear RNA (U6-snRNA) and GAPDH were used as the internal control to evaluate the relative expression levels of miR-140-3p and mRNAs, respectively.

Western Blotting {#sec4.12}
----------------

The total protein of the samples was extracted using radioimmunoprecipitation assay (RIPA) buffer (Jiancheng, Nanjing, China). The protein extracts were separated on a sodium dodecyl sulfate-polyacrylamide gel (SDS-PAGE) and transferred to polyvinylidene difluoride (PVDF) membranes. The blots were incubated in 5% non-fat dry milk in phosphate-buffered saline (PBS) with 0.1% Tween 20 for 2 h followed by incubation with primary antibodies (Abcam, MA, USA) overnight at 4°C. The blots were then washed in TBST and incubated in horseradish peroxidase (HRP)-conjugated secondary antibody (Cell Signaling Technology, USA) for 2 h at room temperature. The proteins were visualized using an enhanced chemiluminescence (ECL) kit (Jiancheng) and quantified by ImageJ software.

Xenograft Model {#sec4.13}
---------------

Thirty BALB/c nude male mice were maintained under specific pathogen-free conditions and randomly divided into three groups. All experiments were approved and carried out according to the guidelines of the Ethics Committee of The Affiliated Hospital of Southwest Medical University. A375, M14, and M229 cells were harvested and resuspended in DMEM. The mice were subcutaneously injected with 3 × 10^6^ cells/100 μL into the posterior flank; these cells were infected with either miR-140-3p adenovirus or control adenovirus. Tumor size was monitored by measuring the length (L) and width (W) with calipers every 3 days. After 28 days, the tumors were excised from the sacrificed mice and weighed. Meanwhile, the livers were removed to calculate the number of metastatic nodules. The mice were placed in a Plexiglas chamber with 5% isoflurane (VetOne; Shanghai, China) for 5 min and decapitated when fully sedated, as measured by a lack of active paw reflex. The tissues were placed in 10% formalin for histological analysis and frozen at −80°C.

ONCOMINE Database {#sec4.14}
-----------------

Expression levels of ABHD2 in CM and normal skin tissues were retrieved from the ONCOMINE Cancer Profiling Database (<https://www.oncomine.org>).

Statistical Analysis {#sec4.15}
--------------------

All data are presented as the mean ± SD. One-way ANOVA was used to assess differences between multiple groups. Differences between two groups were analyzed by Student's t test. p \<0.05 was considered statistically significant.
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